**Core tip:** Anastomotic leakage is one of the most important complications in gastrointestinal surgery. We have performed a pioneering risk anastomosis procedure, carried out with a high risk of leakage, to test the use of thrombin and fibrinogen patch for the reinforcement and prevention of potential leakage. We obtained a significant reduction in the mortality rate without adding comorbidity. Patch application is simple and does not exceed operating time, and its use can be extremely helpful in emergency surgery or special situations that provide a high possibility of anastomosis dehiscence.

INTRODUCTION
============

Anastomotic leakage is a severe post-operative complication that can threaten a patient's life. It has a mean incidence in the published literature of 4%-8%, and its mortality can reach up to 22%\[[@B1],[@B2]\]. Several methods have been used to attempt to reduce anastomotic leakage associated with colonic surgery, with diverse results. As some authors have reported, staplers are the only method that maintains the incidence of anastomotic leakage under 10%\[[@B3]\]. Other authors have used glues and tissue sealants to reinforce the suture. Cyanoacrylates and fibrin glues are most often used, with varying results in the literature; some studies state that the use of cyanoacrylates and fibrin sealants in this kind of surgery is both efficient and advantageous\[[@B4],[@B5]\], while others have failed to demonstrate such benefits\[[@B6]\]. Few studies have analyzed other materials, such as TachoSil^®^, a human fibrinogen and thrombin patch. TachoSil^®^ contains human fibrinogen, human thrombin, and the following excipients: Equine collagen, human albumin, riboflavin (E101), sodium chloride, sodium citrate (E331), and L-arginine-hydrochloride. TachoSil^®^ is indicated in adults as a supportive treatment in surgery for the improvement of hemostasis, the promotion of tissue sealing, and for suture support in vascular surgery where standard techniques are insufficient. Experimental studies have tried to assess if this product can improve the results of colonic anastomoses, with diverse results\[[@B7]-[@B10]\]. An important aspect of this topic is the definition of high-risk anastomoses. Tebala et al\[[@B5]\] defined this kind of anastomoses as including emergency surgery, ischemic or inflammatory tissues, esophagus or extraperitoneal rectus, and immunosuppression.

We hypothesized that colonic anastomosis carried out under poor conditions can be improved with the use of TachoSil^®^ by decreasing anastomotic leakage and its complications.

MATERIALS AND METHODS
=====================

Study design
------------

A prospective, comparative, semi-experimental study in animals was conducted to analyze the effects of the application of a human fibrinogen-thrombin patch (TachoSil^®^) over high-risk anastomosis sites. The hypothesis was that this product would decrease the incidence and severity of colonic leakage. We compared the results with a control group in which there was only high-risk anastomosis. The study was carried out under the conditions established by the Helsinki statement, which regulates the terms and conditions for animal experiments. There was no competing interest for any of the authors. The authors did not receive any grant or sponsorship for this study. Materials were donated by the Department of Surgery of the University Hospital of Virgen del Rocío and Riotinto Hospital.

Animals
-------

This study was performed on 56 white Wistar rats of both sexes weighing between 250 g and 350 g. Animals were divided into two groups (control group and treatment group), each consisting of 28 individuals. High-risk anastomosis was performed in all rats. A piece of fibrinogen-thrombin sealant was added that covered the entire anastomosis site in the treatment group.

Technical procedure
-------------------

Anesthesia was induced with intraperitoneal ketamine (20 mg/kg), after which a laparotomy was performed. We then performed a partial colectomy of 2-3 cm just after the cecum, which was closed with an anastomosis with only two stitches of 4-0 monocryl in the mesenteric and anti-mesenteric borders of the colon. In addition, a 2 cm × 2 cm piece of TachoSil^®^ was applied over the anastomosis, with light compression using small, wet gauze in the treatment group. Each piece was lightly wetted with 0.9% saline. The gauze was gently removed and the anastomosis site checked after 5 min to ensure the TachoSil^®^ was in the proper location. The laparotomy was closed with 3-0 vicryl suture in a simple continuous suture for the muscle plane and 3-0 silk in a simple interrupted suture for the skin (Figure [1](#F1){ref-type="fig"}).

![Surgical technique.](WJGS-8-627-g001){#F1}

The early deceased animals underwent necropsy in order to establish the cause of death. The survivors were euthanized at 15 and 30 d post-operatively after a randomized process. During necropsy, the formation of intra-abdominal adhesions was quantified with a numeric scale (Table [1](#T1){ref-type="table"}) to compare both groups at 15 and 30 d post-operatively. In all animals, colonic anastomosis was retrieved to analyze the histopathologic healing process according to the Biert scheme (Table [2](#T2){ref-type="table"}), which analyzed nine parameters. The histologic analysis, using hematoxylin and eosin staining, was performed by a pathologist blinded for the two groups.

###### 

Adhesive score

  **Adhesive score**
  -------------------------------------------------------------
  0: No adhesions
  1: Extremely soft adhesions
  2: Stronger adhesions, but dissectible with dull dissection
  3: Stronger adhesions only dissectible with sharpen tools
  4: Stenosis

###### 

Histopathologic Biert' scheme

  **Parameters**       **Score**                                                     
  -------------------- ------------------ -------------------- --------------------- ----------------------
  Necrosis             No                 Small patches        Large patches         Massive
  PMNs                 Normal             Slightly increased   Strong infiltration   Massive infiltration
  Lymphocytes          Normal             Slightly increased   Strong infiltration   Massive infiltration
  Macrophages          Normal             Slightly increased   Strong infiltration   Massive infiltration
  Edema                No                 Slight               Strong                Massive
  Epithelium           Glandular normal   Cubic normal         Cubic incomplete      Absent
  Submucosa-muscular   Good bridges       Mild bridges         Few bridges           Bridges absent
  Angiogenesis         Extensive          Strong               Slight                Absent
  Fibrosis             Extensive          Strong               Slight                Absent

PMNs: Polymorphonuclear cells.

Statistical analysis
--------------------

The program used for statistical analysis was SPSS v16 for Windows, and the statistical review was performed by a biomedical statistician. Numerical results were analyzed using means and standard deviations. The Kaplan-Meier method was used to assess survival. Leakage incidence was analyzed with the *χ*^2^ test for dichotomous variables. The intra-abdominal adhesion score was compared between groups with the Mann-Whitney test, as the variable was qualitative. The histopathologic healing process was analyzed with the Student's *t*-test, with sub-analysis performed with the Mann-Whitney test when necessary. A *P* value \< 0.05 was considered significant.

RESULTS
=======

Survival and leakage incidence
------------------------------

The number of events, defined as death as a consequence of colonic leakage, was 10 (35.7%) in the control group and 6 (21.4%) in the TachoSil^®^ group. All deaths happened before the fourth post-operative day. Four animals in both groups died due to other causes, namely hemorrhage, post-anesthesia and bowel obstruction, with no relation to the experimental study. The mean survival per group was 19.5 ± 2.6 (control) and 23.7 ± 2.2 d (TachoSil^®^). With these results, the overall survival was 57.14% and 71.4% in the control and TachoSil^®^ groups, respectively (*P* = 0.29) (Figure [2](#F2){ref-type="fig"}), with no significant differences between the groups.

![Survival in both groups.](WJGS-8-627-g002){#F2}

Intra-abdominal adhesions
-------------------------

The results are shown in Table [3](#T3){ref-type="table"}. We performed comparisons according to both the time (15 d *vs* 30 d) and group \[control (16 rats) *vs* TachoSil^®^ (20 rats)\]. Distribution of animals sacrificed: control-15 d = 9 rats, control-30 d = 7 rats; TachoSil-7 d = 10 rats, TachoSil-15 d = 10 rats. The adhesion score was significantly different when comparing all groups according to the time, showing a much better score in animals euthanized at day 30. However, no differences were found at day 15 or day 30 when comparing groups.

###### 

Intra-abdominal adhesion score in survivorings animals

                                 **Mann-Whitney mean ranges**   ***P* value**
  ------------------------------ ------------------------------ ---------------
  Survivors (15 d *vs* 30 d)     25.11 *vs* 11.12               0.0012
  Control (15 d *vs* 30 d)       10.53 *vs* 5.5                 0.017
  TachoSil (15 d *vs* 30 d)      14.75 *vs* 6.25                0.001
  Control *vs* TachoSil (15 d)   9.5 *vs* 10.45                 0.685
  Control *vs* TachoSil (30 d)   9.71 *vs* 8.50                 0.584

Histopathologic healing process
-------------------------------

Healing of the anastomoses was analyzed following the Biert scheme. The global results are shown in Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}.

![Healing of the anastomoses in both groups.](WJGS-8-627-g003){#F3}

![Global comparison of healing parameters. PMNs: Polymorphonuclear cells.](WJGS-8-627-g004){#F4}

Only four parameters (Table [4](#T4){ref-type="table"}) showed significant differences between the control and TachoSil^®^ groups with the Student's *t*-test, and were always worse in the TachoSil^®^ group polymorphonuclear cells 0.21 ± 0.42 *vs* 0.78 ± 0.64, *P* = 0.01; macrophages 0.50 ± 0.65 *vs* 0.89 ± 0.47, *P* = 0.026; oedema 0.43 ± 0.64 *vs* 0.94 ± 0.63, *P* = 0.017; and epithelium regeneration 0.64 ± 0.92 *vs* 1.11 ± 0.58, *P* = 0.031. The rest of parameters were similar between groups.

###### 

Most relevant parameters in histopathologic analysis (mean ± SD)

                            **Control**   **TachoSil**   ***P* value**
  ------------------------- ------------- -------------- ---------------
  PMNs                      0.21 ± 0.42   0.78 ± 0.64    0.010
  Macrophages               0.50 ± 0.65   0.89 ± 0.47    0.026
  Edema                     0.43 ± 0.64   0.94 ± 0.63    0.017
  Epithelium regeneration   0.64 ± 0.92   1.11 ± 0.58    0.031

PMNs: Polymorphonuclear cells.

When we applied the total score for this analysis, defined as the sum of all values of each parameter, we found nearly significant differences between groups. Among all survivors, the control group had a mean total healing score of 6.21 ± 3.21, whereas the TachoSil^®^ group had a mean of 8 ± 2.05 (*P =* 0.066) (Figure [3](#F3){ref-type="fig"}).

Sub-analysis of this total healing process score according to the post-operative day (15 and 30 d) did not show statistically significant differences, but we did see a trend towards a worsened healing process in the TachoSil^®^ group, especially at the end of the period. On days 15 and 30, the results were 7.5 *vs* 9.5 (*P* = 0.39) and 6.17 *vs* 9.9 (*P* = 0.112) in the control group *vs* the TachoSil^®^ group, respectively (mean ranges) (Figure [5](#F5){ref-type="fig"}). There were no differences when the analysis was performed between groups (global analysis) (7.15 *vs* 10.75; *P* = 0.13).

![Healing process scores at 15 d and 30 d, and global analysis in survivorings animals.](WJGS-8-627-g005){#F5}

DISCUSSION
==========

Colonic anastomosis failure can be a life threatening complication following colonic surgery. Over time, great efforts have been made to improve the results of this procedure and define the risk factors for anastomosis failure\[[@B1],[@B2],[@B11]\]. Systemic factors (such as diabetes and steroid use) and local factors (such as radiotherapy and tension or hemorrhage in the suture) can lead to a poor result in the healing process of the colon\[[@B12]-[@B14]\]. The period in which a leak occurs is usually between days 5 and 6 post-operation. Before this period, the strength of anastomosis is mainly held by the suture, but after day 5 or 6 the healing process of the colonic wall, especially with regards to the collagen formation, is most important, as the suture material loses efficacy at that time. A variety of products\[[@B6],[@B15]-[@B19]\] have been used to reinforce intestinal anastomoses (*e.g*., cyanoacrylate, fibrin sealants, amniotic, collagen and dura mater membranes, and mechanical staplers), all with different results. The application of a fibrinogen and thrombin patch over colonic anastomoses is a relatively new idea\[[@B7]\]. Some authors\[[@B19],[@B20]\] used the classical cecal puncture model to define high-risk anastomosis, thereby providing the sepsis model\[[@B20]-[@B24]\]. To date, there has not been any consensus regarding the definition of high-risk anastomosis and, to our knowledge, there have been few studies that have examined the application of TachoSil^®^ over colonic anastomoses\[[@B7]-[@B10],[@B20]-[@B24]\], with only one carried out using a high-risk anastomosis\[[@B10]\]. Although these studies showed the method to be safe and feasible, some results have been controversial; Ozel et al\[[@B7]\] showed that this product increased the inflammatory reaction and led to a worsened healing process with less mechanical strength. In contrast, Stumpf et al\[[@B9]\] found that it led to a better histopathologic healing process as a consequence of the decrease in suture material in the anastomotic line and that a suture-free anastomosis is reliable. Nordentoft et al\[[@B8],[@B22]\] studied this product applied over normal small-bowel anastomoses and found no differences in the mechanical strength, degree of stenosis, or healing process, with the incidence of anastomotic leakage also being similar between groups. In our study, we noted an evident reduction of anastomotic leakage incidences (31.7% *vs* 21.4% in control and TachoSil^®^ groups, respectively), but these differences were not significant (*P* = 0.29). Even when a potentially injurious agent such as 5-fluorouracil is used, it has been verified that applying anastomosis TachoSil^®^ confers greater resistance by acting as a protective agent\[[@B24]\]. In a study using mice, Pantelis et al\[[@B10]\] achieved a statistically significant difference in the lethality and leakage rates in the group that received TachoSil^®^, as well as finding that its use did not increase the formation of intra-abdominal adhesions. They did not find any differences between groups. In studies that analyzed the use of TachoSil^®^ in bowel anastomoses, Nordentoft et al\[[@B8]\] reported no differences between groups. In contrast, Ozel et al\[[@B7]\] noted that TachoSil^®^ increased the formation of peri-anastomotic adhesions. Regarding the histopathologic healing process, we found neither advantages nor disadvantages when TachoSil^®^ was applied. However, when we analyzed this process with both individual and global scores, some individuals were statistically different with regards to group (control or treatment), but when the global score was compared, no differences were observed. Some authors, such as Ozel, affirmed that if TachoSil^®^ is used, the neutrophilic granulocyte count can increase, and this carries a worsened prognosis for healing as a result of excessive metalloproteinases. These results were also observed by van der Ham et al\[[@B21]\]. In contrast, Pantelis observed that if TachoSil^®^ is applied in high-risk anastomosis, an improvement in the healing process can be observed. In our study, the healing process is exacerbated and inflammatory parameters were increased when TachoSil^®^ was used, compared to the control group. However this does not affect the creation of useful anastomosis, only higher growth of tissue in the area where it is applied, accompanied by obvious signs of inflammation. This has not affected the result of the study and the rate of leakage has decreased, therefore we believe that a stronger healing process is useful in reinforcing the consistency of anastomosis.

We think that, despite the worsened healing in some individual parameters in the TachoSil^®^ group, the improvement in leak incidence can be explained by the sealant effect of the collagen patch (*i.e*., the mechanical sealant achieved by this sponge, which is a well-established effect of this product)\[[@B7],[@B8],[@B23]\].

In conclusion, our study showed that the application of TachoSil^®^ led to a non-statistically significant decrease in both mortality and anastomotic leakage rates. Furthermore, the use of this product did not affect the histopathologic healing process or increase the formation of adhesions, and so it can be regarded as a very safe product. We focused on the importance of the mechanical effect of TachoSil^®^ in sealing the anastomosis gap. The use of TachoSil^®^ is not justified in routine colonic surgery due to the low colonic anastomotic leakage rates in those procedures. Although we demonstrated that TachoSil^®^ does not decrease the complication rate in high-risk anastomoses, based on the controversial data existing in the literature, we recommend that clinical studies should be performed to clarify this topic, as it may have potentially important effects in surgery.

COMMENTS
========

Background
----------

This is an experimental study to test the absorbable product TachoSil^®^ in risk anastomosis in rats. The hypothesis to be tested is decreasing anastomotic leaks using this product. The triple-blind comparative results confirm a decrease in leakage anastomotic.

Research frontiers
------------------

The main frontier of the study is the reduction of anastomosis leakage in anastomosis with risk factors.

Innovations and breakthroughs
-----------------------------

Decreasing the rate of leaks in anastomosis using an absorbable sheet on the anastomosis when the procedure was performed in high-risk conditions.

Applications
------------

The results can be applied in digestive surgery (*i.e*., intestinal and colorectal anastomosis), especially in emergency surgeries and patients with high comorbidities.

Peer-review
-----------

This manuscript showed the potential application of TachoSil^®^ in colonic sutures after surgery. The study was straight-forward and rational. The application apparently has some merits.
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